The effective management of the allocation of limited resources such as beds is a key to the delivery of timely, high quality and low cost healthcare. However, an efficient utilisation of beds is not easy to accomplish because of the complexity of the healthcare system and the higher amount of problems that the hospitals are facing such as the overcrowding. Moreover, in order to solve these problems, effective bed management remains one of the prominent solutions for the majority of hospitals. In this paper, a decision support system 60
Introduction
The evolution of healthcare industries is one of the most critical and interesting subjects that interest the public. In addition to the invention of new solution, kipping this area in order adds more currency to this service. New methodologies can be proposed to improve the existing healthcare model and guarantee a developed alternative for next generation (Shakshuki and Reid, 2015; Inamdar, 2014) . The management of bed in the hospital is a central topic that needs a real time solution considering emergency cases (accidents,…) . This solution will reduce waiting emergency line and supervise health situation of several patients. In order to establish this decision support, all departments have to provide all necessary data for resource planning (Schmidt et al., 2013) . In this context, computer-based decision supports are extremely recommended due to the complexity of task and the variety of decision criteria (Agha et al., 2012) .
Several research based on the multi-agent system (MAS) modelling and supply chain management has recorded good performance in crisis management while modelling and providing solution for real word problems, this approach provides autonomous, reactive and proactive solution (Pawar et al., 2016; Zöller et al., 2006; Dharmapala, 2008; Mandal, 2015; Zoghlami et al., 2016) . Independently of the applications area (Swaminathan et al., 1998; Giannakis and Louis, 2011; Kaddoussi et al., 2011; Ge et al., 2015) , these techniques are providing optimal and convenient solutions in different cases. These methodologies are extending to model the healthcare domain. In one a solution based on MAS approach was presented which aims to promote elderly citizens independence and reduce healthcare cost.
In this paper, we present bed management process in hospital and it is support system decision. In Section 2, a review of bed management studies were presented and MAS in healthcare system applications were exposed. In Section 3, an overview of Multi-Agent System composition was defined and the agent behaviours are detailed. In Section 4, simulation results are presented.
Literature review

Bed management
One of the most substantial reasons of the emergency department (ED) overcrowding is the lack of inpatient beds (Steele and Kiss, 2008) . The increasing number of emergency admissions has raised the problem of bed management and what should be the best bed occupation rate (Capewell, 1996; Blatchford and Capewell, 1997) . According to Proudlove et al. (2003) , bed management is about how to use the resources efficiently and it constitutes a relevant part of operational capacity planning and control. Several studies have investigated the problem of bed management and proposed numerous models, tools and recommendations in order to help healthcare professionals to manage inpatient beds in the hospitals and minimise the risk of not having a bed when it is crucial and urgent. These studies have pointed out the importance of the balance between the number of beds needed to meet the demand and a reasonable bed utilisation rate.
Discrete event simulation (DES) has been broadly used to model healthcare systems, for instance bed planning system, and numerous important reviews of DES papers have been published over the last 30 years (Günal and Pidd, 2010; Shaltayev et al., 2016) . Many scholars have used simulation modelling to be able to evaluate the bed planning system and to track the consequences of changes to the system. Most of the bed planning simulation models aim to solve the problem of bed deficiencies or policies that higher the risk of patient misplacement or rejection (Jun et al., 1999) . Butler et al. (1991) has studied patient misplacement using simulation modelling as a tool to look at the influence of the variation of bed allocation policy on the sensitivity of patient misplacement. They have demonstrated that decreasing the patient's length of stay and reallocating rooms could reduce considerably the patient misplacement. In the same subject, Cohen et al. (1980) have suggested a bed planning model that considers the movement of patients between units within a hospital according to their condition changes. The authors have showed that the probability of patient misplacement is a function of the policies for priority patients and the capacities of all the units. Moreover, to avoid the problem of placing patients in an inappropriate beds, decision support system for admission planning and bed assignment are needed. Schmidt et al. (2013) have developed a similar system able to consider the availability of suitable hospital beds. "Patient admission and assignment is based on up to date and adaptable Length of Stay estimates, taking into account the aggregated contingents of hospital beds, treatment priorities, patient preferences, and a linkage between clinics and wards". Another simulation model has been proposed by Bagust et al. (1999) in order to measure the risk of the lack of bed for patient requiring urgent admission. The mentioned study has showed that the occupancy rates should have limits to minimise the risk for patients needing an immediate bed and that it's necessary to have spare bed capacity to reach an effective management of emergency admissions. In the same line, Devapriya et al. (2015) have developed a decision support tool based on a discrete-event simulation (DES) model to help planning and budgeting present and future bed capacity. The model proposed is also able to evaluate possible improvement in the bed planning.
Other studies using simulation modelling but focusing on the problem of bed planning in an area of the hospital. For instance, Khare et al. (2009) designed a computer simulation model to access the effect of varying the ED beds or altering the interval of admitted patient departure from the ED on the ED length of stay. Their study has shown that the improvement of the rate of admitted patients can improve the overall ED length of stay. However, raising the number of ED beds has no influence on the ED length of stay. Another example of hospital area that has been the background for many studies is intensive care units (ICU) which is a critical area where the shortage of bed could result on bad consequences for patients. Seung-Chul et al. (2000) explain that the lack of bed in ICU could be resolved by different types of planning in various situations to handle the demand of patient care. They also suggest that in order to improve bed management at ICU, patients that are no longer in need of emergency care, for instance after a successful operation, should be placed in another unit. Furthermore, a strategy for planning a number of beds for a specific group of patients such as emergency cases should be implemented for an efficient bed management at ICU.
MAS in healthcare system
As seen earlier, DES has been widely used by scholars to handle the problem of bed management. This methodology has shown an ability to precisely predict outcomes in complex systems in manufacturing and service industry as well as healthcare systems and also evaluate solutions before their implementation (Montgomery and Davis, 2013) . There are many other methods and tools that have been also used in the same field such as agent based systems (ABS) or MAS. The MAS approach, as described by Shakshuki and Reid (2015) "provides a powerful platform for modelling and solving real world problems such as healthcare". The health based MAS applications developed by the authors enable some patients to stay home and should be able to improve the problem of bed management at the hospital and reduce the cost caused by the increased demand.
Other studies used also MSA approach but not to tackle directly the problem of bed management. The problems that these studies tried to solve could be linked directly to the bed planning problem. For example, the study by Narzisi et al. (2006) that has used ABS modelling for scenario simulation and evolutionary algorithm to find 'good' emergency response plans. As mentioned before, the overcrowding of ED is definitely related to the problem of bed management. Therefore, an initiative to solve the problem of ED overcapacity could improve the bed management in the same hospital. Moreover, the problem of bed management could be accentuated by a bad communication and lack of collaboration between hospitals units and especially between the ED and the other units within the same hospital. Jemal et al. (2015) have addressed this issue by designing an MAS that is able not only to solve the problem of collaboration between units but also the problems of information management and the overall coordination in the hospital. The use of MSA approach could also reduce patient waiting times and resource occupation (Zöller et al., 2006) .
Modelling services by agents: case of bed management
Bed management within a hospital is a complex task. It is indeed necessary to know precisely if the beds are occupied at the time 't', if they will be at the time 't + 1' (programmed patients, emergencies to manage) and if other beds are available in different services (to be able, if necessary, directly transfer a patient from service A to service B).
The daily bed management is time consuming, even more so in services exposed to front line emergencies (about two hours are lost daily by the medical staff). In order to better manage this problem, we decided to use the system multi-agents.
Structure of MAS
A MAS is defined by Ferber and Perrot (1995) as a system composed of: • An environment.
• A set of passive objects that can be perceived, created, modified or destroyed by agents.
• A set of active agents.
• A set of relationships that connect objects together.
• A set of operations or skills providing opportunities for agents to sense, produce, consume, transform and manipulate environmental laws.
• A set of laws that are operators that represent the application of the actions of agents in the world and the reaction of the world to these actions. These laws will be called universal laws.
Modelling strategy
Each hospital service (five in our case) is represented by an autonomous agent that can interact freely with others agents (Jeribi et al., 2011) . To model the problem (Nesrine et al., 2016) , we selected two variables:
• The number of beds available in the service at the time 't'. The hospital staff must provide the number of beds. Each time it will be updated in the database of the hospital. The agent that models the service must be able to know the number of beds available in the service in order that the system works properly.
• The crowding level within the service, also at the time 't'. The crowding level of service is calculated with software developed in our previous work (Kaddoussi et al., 2013; Kaddoussi et al., 2011) .
From these two data, we determine a sleep level. This determination is free and adaptable to each service. By designating:
• NV: standby level.
• NL: number of beds available at the time 't'.
• NT: voltage level at time 't'. We can get the standby level depending on the choice of doctor (the parameters and being a free choice of doctor): 
The behaviour of agents
Each service has been modelled by an agent whose behaviour can be divided into two parts.
Registration or de-registration in the yellow pages
Once an agent status changes (status is the ability of the service to accept patients from other services), it can update its state in the yellow pages (which therefore contain only agents that are ready to receive patients). There is thus a constant flow of information from agents to the yellow pages. 
Bed request
In addition to register or de-registration in yellow pages, the agent can carry out a request for bed when he needs (demand assured by doctor). Considered agent sends a message to the agents listed in the yellow pages asking their standby level and the updated number of available beds. Considering these information and other additional characteristics of services that was already set in the system, hospital staff will have a decision support interface to choose the destination of patients following pre-established criteria.
An agent who wants to transfer patients to another service looks to the yellow pages which are the services that can host new patients. The agent A, who needs to transfer patients request to agents listed in the yellow pages the updated status of their service: their standby level and the number of beds available. The services respond with their updated statements. With this information, the agent A can decide to which service referring patients. The choice of destination is still the responsibility of the doctor, since he is the only one who is able to assess the health status of patients and decide what is the best destination. The function of the software will be to provide the doctor with all the information necessary in order to take this decision in the best way possible. Once a decision has been taken by the requesting service, the number of beds available within the recipient services is updated so that the available beds are blocked in order to be able to transfer patients to these beds (as explained with the red arrows in the Figure 5 ).
Simulations and results
It will be shown in this section a complete cycle of the decision support system. We launch the system and we see the simulation interface that tells us the standby level and the number of beds available in each service.
We can see in the lower part an overview of the yellow pages, where agents that can provide beds are filled (in our case, it's 'Agent 1', 'Agent 4' and 'Agent 5'). In our example the Agent 2 will request additional beds to other services. So we click on the button 'ask bed' on the line for the Agent 2.
As we see in the Figure 7 , our goal is to move a patient from service to another service where there is available bed. Services that can accommodate patients appear ordered by sleep level, from the smallest to largest.
Our goal is to move a patient. To be able to do so, we select in the combo box 'patients to receive' the exact number of patients that will be distributed in each service. In this example, a patient will be moved in the service five.
Once the 'save the decision' button is pressed, the decision support window closes and the simulation interface is updated.
The agent E (or Agent 5) which initially had two beds available has only one bed available at this stage. During these operations the agents exchange information. Using Sniffer Jade agent, we are able to simply display different communications. 
Conclusions
In this paper we presented the beds management problem in hospitals. We proposed a decision support system that will assist practitioners in the field to address this problem by offering a referral depending on availability of beds to avoid tension in hospitals.
In further work, our first challenge will be to update the system parameter and criteria in real time and validate the criteria that model the demand for beds.
An other challenge will be considered, is the automation of variables as the number of available beds for instance this variable is still manual. As a result, errors may occur and this data is not update in real time. The fact that there is still no reliable automatic solution, forced hospital staff to spend considerable time every day to solve this problem. A 2008 study proved that hospital staff loses about 2 hours per day to count the available beds.
Automatic data entry is imperative for the proper functioning of this module and to reduce the loss of time in medical services.
Furthermore, the support system decision could have a dedicated interface to the emergency medical service (EMS) (in France known as SAMU). When an ambulance takes a new patient, the decision to forward it to such a place could be taken based on certain criteria such as the voltage level in host hospitals, travel time … which are the same criteria as for our system decision support for moving patients. 
